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1. Introduction
Application of remote radio equipment (RRE) was proposed for the purpose of inter-cell radio resource management and efficient coverage enhancement [1]. This contribution summarizes the merits in the RRE and presents our views on the application of the RRE.
2. Definition of RRE
RRE is often referred to as a remote base station, remote radio head, distributed antennas, and so on. In a wide sense, the RRE is defined as radio equipment for a transmission and reception point located away from the central eNB. More typically, the RRE comprises RF transceivers, A/D-D/A converters, and an optical modulator and demodulator as shown in Fig. 1. The RRE is located away from the central eNB, i.e., the baseband signal processing (BSP) unit, and connected by baseband signaling, which requires a broadband wired connection at more than the order of gigabits per second. Therefore, optical fiber is required for the link between the RRE and the corresponding BSP unit.

The latency between the RRE and BSP unit is in the order of microseconds due to simple baseband signaling, whereas the latency in the X2 interface is typically in the order of milliseconds [2].


Another RRE configuration is radio on fiber where the RRE comprises an RF amplifier and E/O-O/E converters, and the other RF unit and BSP unit are located away from the RRE. In this case, the transmission between the RRE and central eNB is an analog optical transmission. The RRE configuration with a digital signal interface is more appropriate compared to that with an analog signal interface, due to the significantly lower level of signal distortion.
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Figure 1 – RRE

3. Merits of RRE in Existing Radio Access Network
The RRE has already been employed in the existing 2G and 3G radio access networks (RANs). The merits of RRE in the existing RANs are listed below.
· Since the RRE is sufficiently small so that it can easily be installed near antennas, the RF cable loss can be reduced.
· The installation space and power consumption are minimized at the cell site.
· In W-CDMA, soft handover among cell sites is achieved using the RRE, which improves the cell-edge user throughput.
4. Merits of RRE in LTE-Advanced
In LTE-Advanced, the local area is more focused than in Rel-8 LTE and radio access techniques such as coordinated multipoint transmission/reception are considered. Additional merits of the RRE are listed below (Fig. 2).
· Small cells such as picocells can be efficiently deployed in high-traffic areas by employing the RRE.
· Fast radio resource management is possible among different cell sites using centralized scheduling, which achieves inter-cell orthogonalization [1].
· Fast feedback signaling for hybrid automatic repeat request (HARQ), adaptive modulation and coding (AMC), etc. is possible even when different link connections are employed for the downlink and uplink due to low latency between the RRE and BSP unit. This makes it possible to achieve the optimum link connection for both the downlink and uplink in heterogeneous networks [3].
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Figure 2 – Additional merits of RRE in LTE-Advanced

5. Application of RRE

The RRE is applicable to not only small cells such as picocells but also macrocells, since there is no restriction on the power amplifier implemented in the RRE.

There is a concern that the complexity level of the central eNB may increase when many RREs are connected to one central eNB. Furthermore, it may be difficult to employ optical fiber throughout the RANs. However, all cell sites are not required be connected by optical fiber. A sufficient gain is expected even when only a small number of cell sites in high-traffic areas are deployed using the RREs, and fast radio resource management is applied among them as shown in Fig. 3.

Optimization of the achievable gain and complexity should be achieved using both inter-cell radio resource management among independent eNBs and that among the RREs. Therefore, both approaches should be investigated during the Study Item phase.
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Figure 3 – Deployment scenario for RRE
6. Conclusion

This paper discussed the merits of the RRE and its application. The RRE provides merits such as fast radio resource management among different cell sites and fast feedback signaling even in the case of independent link connection between the downlink and uplink in LTE-Advanced in addition to its basic merits, which are apparent in existing RANs. Radio access techniques based on the RRE should be investigated as well as those based on independent eNBs.
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